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Introduction
The design and preliminary costing of a binary geothermal energy plant is an involved process requiring the combined use of a number of correlations in an overall model for the plant's operation [SI 977a ].
Some correlations relate component sizing to the operating parameters of temperature and pressure. Others then relate component sizing to cost of their manufacture. The basic operating temperature of a plant is determined by the temperature of the operating well.
Pressures and heat exchanger temperature differences then depend in part on the properties of the working fluid. The properties of the working fluid can therefore play an important role in the plant design and costing. This must lead one to conclude that fluid properties must be known within reasonable accuracy limits for proper design and costing of potential plants.
The exact limits of uncertainties in fluid properties data which can be tolerated in a design are not easy to assess. Thermodynamics provides an extensive framework which connects the caloric and mechanical properties of a fluid through the thermodynamic relations. It is generally necessary, in applying these relations to specific design problems, to perform mathematical manipulations on measured fluid properties to produce data of the kind needed in the designs. These manipulations can involve differentiation, integration ( It is clear that even the four data sets plotted scatter widely. At the lower temperatures, they span a range of more than 0.1 bar on a total pressure of only a few bars. This unsatisfactory state of the data was our motivation in remeasuring the vapor pressure curve.
We have made our measurements on a "Research Grade" sample of isobutane claimed to be 99.98% pure. We will discuss the impurity content and the estimated impurity effects in a separate section of this report.
We have made the vapor pressure measurements in our Burnett apparatus, a detailed description of which was published elsewhere [W1971].
In order to perform vapor measurements on a substance with elevated critical temperature, such as isobutane, we had to make a number of modifications.
Our supply containers were placed above the gas handling system and the supply was always tapped from the liquid phase which, in general, was purer than the vapor. In order to inject the fluid, at room temperature, into the sample cell at elevated temperatures, a volume pump was used so that the liquid pressure could be raised sufficiently for transfer, and injected in well -determined amounts. We began by using a 1 cc sample from the injector at room temperature, and added fluid, as needed, at elevated temperatures so as to maintain a two-phase situation.
In all cases, we measured near the vapor side of the phase boundary.
In several instances, we measured the vapor pressure with two different amounts of _4 fluid.
In general, the vapor pressure did not vary by more than 10 3 MPa.
Only at 25°C, the pressure of two samples of, resp. ,1 and 5 cm -4 of liquid differed by 3x10
MPa.
The results of our vapor pressure measurements are summarized in Table 5 . We stress that our temperature values are preliminary; our thermometer was calibrated several years ago, and a check of its icepoint is needed before the temperature readings can be definitively assessed. Table 6 . The deviations from the curve are listed in Table 5 and pictured in Fig. 3 . We feel that the scatter of the data reflects the variability due to impurity effects in samples of varying 1 iquid-to-vapor ratios. The scatter of our data is far less than that of the earlier data in the literature. At the higher temperatures, our data show rough agreement with those of Beattie, Connolly and Dana.
At the temperatures below 60°C, however, our data follow a course of their own and do not agree with any data reported previously. It is our conviction that differences between authors are primarily due to differences in sample composition. We have therefore worked out a model for small impurity effects in isobutane, and present this in the next section. For monitoring the sample composition we used a gas chromatograph provided with a gas sampling valve. We used prepared standard mixtures containing known proportions of lower hydrocarbons for calibration of the gas chromatograph trace. Our measurements are qualitative only and we estimate our compositions to be accurate to perhaps 20%.
The impurities found in our isobutane supply are listed in Table 7 .
In no case were we able to distinguish the n-butane peak. Although the two butane peaks, when present in aomparable amounts, separate easily in our column, in actual samples the n-butane peak is swamped by the large isobutane tail.
In our experiments, samples are always taken from the liquid phase for measurement. When samples are analyzed after the measurements, varying compositions are found, probably due to fractionation in the gas handling system. Typical impurity compositions would be 300 ppm propane and 30 ppm Ng. Model for estimation of impurity effects.
We have used a simple model first developed by Keesom [K1901] 
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The mixture parameters a,B are estimated from the critical parameters of the pure components 1 and 2.
Here 1 is the host, 2 the impurity. For a mixture of overall composition x, with a fraction, b, of molecules in the liquid phase, the vapor pressure P is given by
C.
Results.
We have used the model to calculate the effect of one percent of a known impurity on the vapor pressure of isobutane. Table 8 . In Table 9 , we estimate the effect on our measurements due to the known impurity concentrations in our experiment. The known impurities _3 contribute small amounts, not exceeding 10 MPa (0.01 bar) to the vapor pressure, amounts that increase in absolute, but decrease in relative magnitude as the temperature increases.
The large differences between our own and the preceding data sets (Fig. 3) can not be explained by impurity in our sample. 
A check of Beattie's supercritical data at at least one temperature.
Further spot checks of Sage and Lacey's data.
Spot checks of the saturated liquid densities and of some densities in the liquid phase.
A recalibration of our thermometers .
We realize that there may be a need for caloric data to supplement the equation of state data in regions of technical interest. We suggest that this need be assessed by the interested parties. Independent of the outcome, the following work will be unavoidable. Table 2 Definition of parameters n-butane (estimated from claimed overall impurity) <5000 <1000 <1000 The base line is based on calculations using the virials of Table 10 . 
